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Sunlight and Skin Cancer 

Although most skin cancers appear in older people, 
the damage often begins decades earlier, when the 
sun's rays mutate a key gene in a single cell 

by David J. Leffell and Douglas E. Brash 



In 1775 the British phy- 
sician Percivall Pott report- 
ed a curious prevalence ofg 
ragged sores on the serotinus of |§| 
many chimney sweeps in Lon- 
don. Other doctors might have 
concluded that the men were 
afflicted with a venereal disease ^ 
that was then i^pant through^ 
out the city. But Pott was more| 
astute. He realized they were ' jn§| 
fact suffering from a type of skih|^ 
cancer. Pott's discovery was a!|f 
medical milestone. By observing' 
that men continually exposed 
to coal tar were "peculiarly li- 
able" to this form of cancer, he 
documented for the first time 
that cancer could be caused by 
an external agent rather than 
by internal factors. 

More recently, investigators 
have identified another link be- 
tween the environment and skin cancer, 
but this time the agent is much more 
ubiquitous. It is nothing less than light 
from the sun. The painstaking efforts of 
dozens of researchers have revealed a 
great deal about how solar rays con- 
tribute to the development of an aston- 
ishingly high number of skin cancers 
every year. 

In the U.S. alone, about a million new 
cases occur annually, rivaling the inci- 
dence of all other types of cancer com- 
bined. Skin cancer typically takes one of 
three forms corresponding to the three 
major types of skin cells: basal cells, 
squamous cells and melanocytes. Can- 
cer of melanocytes, called malignant 
melanoma, is the most lethal variety— 
and perhaps the most mysterious to re- 
searchers attempting to understand how 
these tumors are triggered. Fortunately, 
it is also the least common. In the U.S. 
there will be about 38,000 new cases of 
melanoma this year and approximately 
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YOUNG BATHERS, such as these Australian children, 
may predispose themselves to skin cancer as they play. Yet 
only one youngster here is taking precautions. 



7,000 deaths from the disease. The two 
other forms, together called nonmela- 
noma skin cancer, account for the bal- 
ance of the cases but kill a much smaller 
percentage of the affected population. 
A few thousand people are expected to 
die in the U.S. during 1996 from non- 
melanoma (almost exclusively squa- 
mous cell) skin cancer. 

If caught early, most cases of nonmel- 
anoma skin cancer are easily treated in 
a doctor's office under local anesthesia. 
Such cancers can be cured by a variety 
of simple techniques, including scraping, 
burning, freezing or surgically excising 
the malignant tissue. Even melanoma, 
if diagnosed when the tumor is still less 
than one millimeter thick, can usually 
be cured by simple excision. But because 
skin cancer plagues members of all age 
groups, and because it can become dis- 
figuring and deadly if left untreated, 
medical researchers have mounted an 
immense scientific effort over the years 



to unravel the mechanisms that 
cause this disease. Curiously, an 
accident of history contributed 
much to that quest. 

An Accidental Experiment 

At the time Pott was studying 
l scrotal cancer, Georgian 
. England had a legal system that 
inflicted severe punishments for 
petty crimes: forgery or thievery 
often resulted in a death sen- 
tence. But a backlash against the 
harshness of execution for such 
misdemeanors soon led to mild- 
er sentences— and thus to the 
overcrowding of jails. To un- 
burden the country's prisons, 
the House of Commons voted 
to banish criminals to remote 
locales beginning in the 1780s. 
The destination of choice was a 
little known shore bordering the South 
Pacific Ocean. Within a few decades, 
the east coast of Australia was populat- 
ed with British and Irish men and wom- 
en. Those early colonists often shared 
the Celtic features of fair skin and light 
hair, and today their descendants pre- 
dominate on that southern continent. 



HUMAN SIGN includes three major cell 
types, all of which are susceptible to sun- 
light-induced cancer. Near the base of the 
epidermis lie round, basal cells. Closer to 
the surface are flattened, squamous cells. 
Melanocytes (cells that produce the pro- 
tective pigment melanin) are interspersed 
in the basal layer and have numerous ex- 
tensions that reach outward. Solar rays, 
which can penetrate well below die sur- 
face of the skin, damage segments f a 
cell's DNA that are particularly vulnerable 
to ultraviolet light. Damage t a gene 
called pS3 appears crucial to basal cell and 
squam us cell skin cancers. 

Sunlight and Skin Cancer 



1 
1 



I 

I 

I 







Bra'*' 








BP-'' 








mM't''''. , 
























Pl;'^ 





^h^iS^^^^'-^' SQUAMOUS 



CELL 





11 




The Harder You G< 

Th 



11^ 

With The Northstar System. 




The power behind 
the fluid grace. 

300-HP, 32-Valve Northstar V8 

0-60 mph: 7.1 Seconds 



The technique that 
yields world-class 
performance. 

Full-Range Traction Control 

Magnasteer,,, Variable-Assist 
Steering 

Continuously Variable 
Road-Sensing Suspension 




True champions 
come through over 
the long term. 

100.000 Miles Between 
Scheduled Tune-Ups 



Up to 50 Miles Without a 
Drop of Coolant 



Janet Evans 

Four-Time Olympic Medalist 



MS* 

OS® 

36 USC 380 

Official Spor^or ol the 
1998 U.S. Olympic Team 



4 




<®S> 
lit 

Atlanta 19% 

TM. © 1992 ACOG 

Official Sponsor of the 
1996 Olympic Games 



For more information 
call 1-800-333-4CAD 

or on the Internet type * 
http://www.cadillac.com. 



Enclorph ins 




If:: 



for- 



How Sunlight Can Cause a Permanent Mutation 



PYRIMIDINE 
OIMER 




ULTRAVIOLET UGHT can break 
chemical bonds in adjacent pyrlml- 
dlne bases, often at a point on the 
DNA strand where two cytosines 
(C) occur. New bonds then form 
{red), linking the disrupted bases 
together in a socatled pyrimldlne 
dimer. 

REPUCATION requires that a cell 
separate the paired DMA strands 
(green and blue), each of which is 
used as a template to construct a 
new strand {purple)— mating 
guanine (G) with cytosine and ade- 
nine (A) with thymine ( T). The 
strand unaffected by sunlight pro- 
duces normal DNA {left), but the 
strand containing the pyrimidine 
dimer pairs disturbed Cs with As 
instead of matching them properly 
with Gs. 

CONTINUED REPUCATION repeats 
the error, mating the dimer once 
more with a pair of As ( right). On 
the opposite strand (/eft), these As 
are matched with 7s, creating a 
genetic mutation. The dimer may 
eventually be eliminated by "exci- 
sion repair," but the Oto-Tmuta- 
tion is permanent. When such a 
mutation falls within a cancer-re- 
lated gene, the cell becomes prone 
to malignancy. 



What began as an 18th-century at- 
tempt at penal reform ultimately culmi- 
nated in a de facto large-scale experi- 
ment on the links between complexion, 
solar radiation and skin cancer. With 
their fair skin continually exposed to in- 
tense sun, whites in Australia now have 
the highest rate of all kinds of skin can- 



cer of any people in the world. Their 
British relatives, who live under cloudy 
northern skies, are more fortunate. They 
have a relatively low risk of acquiring 
these malignancies— as do Australian 
Aborigines, who with much darker 
skin are rarely affected by sun-induced 
cancers of the skin. 



Investigators recognized as early as 
50 years ago that the Australian experi- 
ence implicated strong sun and fair skin 
as important risk factors for skin cancer: 
But for decades scientists were unable to 
explain what the sun was actually do- 
ing to skin cells to make them become 
cancerous. Clarifying that mystery re- 
quired more than an accidental experi- 
ment on a sun-drenched continent. It 
took years of study in research labora- 
tories of molecular biologists around 
the world before the details of that pro- 
cess began to be uncovered. 

When the two of us started to attack 
this problem in the late 1980s, two types 
of insults from the sun seemed equally 
suspect. In one category were mutations 
of specific genes within skin cells. A cell 
may reproduce excessively if a mutation 
either turns a normal gene into an over- 
zealous growth promoter (an oncogene) 
or inactivates a gene that normally lim- 
its cell growth (a tumor suppressor 
gene). The other class of causes we con- 
sidered at the outset included more 
widespread events— ones that would af- 
fect every sun-exposed cell. For exam- 
ple, the sun's radiation might suppress 
the skin's immune response (reducing 
its natural ability to eliminate tumor 
cells) or directly stimulate cell division. 
With such diverse explanations possi- 
ble, we knew that isolating the causes 
of skin cancer would not be easy. 

But we were guided by the knowledge 
that the damaging effects of sunlight can 
occur many years before tumors appear. 
Such delayed effects were most clearly 
demonstrated in studies undertaken by 
Anne Kricker, then at the University of 
Western Australia, Robin Marks of the 



•^P^^Ff^NppiS^O^ WfWR is strays the ability of genetically injured cells to delay replication 
tk#m£tit to mvolve sunji^ until they have repaired their DNA, The pS3 mutation also pre- 
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Anti-Cancer Council of Victoria and 
their colleagues. They noted that people 
who had emigrated from cloudy Eng- 
land to sunny Australia before the age 
of 18 acquired the higher Australian in- 
cidence of skin cancers, but if they moved 
when they were oldei^ they retained the 
native risk. 

These findings indicated that Austra- 
lian skin cancer patients must have re- 
ceived a critically high dose of sunlight 
years before the appearance of tumors 
(which rarely occurred before middle 
age). Widespread events, such as immu- 
nosuppression, last for only a few days 
after the injurious radiation ceases. But 
genetic changes persist (being passed 
from one generation of cells to another). 
Looking for genetic changes therefore 
seemed a more promising avenue for our 
research. So we began a hunt for sun- 
light-induced mutations that could occur 
early in life and set the stage for the de- 
velopment of skin cancer much later on. 

A Signature Mutation 

That search was daunting. The DNA 
in a human cell contains as many 
as 100,000 genes, and each gene typi- 
cally includes thousands of nucleotides 
(the building blocks of DNA)— only 
some of which would be likely to bear 
traces of sun-induced damage. And even 
if we managed to identify mutations in 
skin cancer samples, how could we be 
sure that sunlight had caused them? 
Fortunately, other investigators had giv- 
en us a useful clue by rinding that ultra- 
vi let B radiation— long suspected to be 
the carcinogenic factor in sunlight— had 
a characteristic signature. 



After studying everything from virus- 
es to human cells, groups of researchers 
from Switzerland, France, Canada and 
the U.S. had shown that ultraviolet light 
causes mutations at points n a DNA 
strand containing specific nucleotide 
bases. Bases are the variable parts of nu- 
cleotides and go by the names adenine 
(A), guanine (G), cytosine (C) and thy- 
mine (T). Ultraviolet light creates muta- 
tions where a so-called pyrimidine base— 
cytosine or thymine— lies adjacent to an- 
other pyrimidine. About two thirds of 
these mutations are C-to-T substitutions, 
and about 10 percent of these changes 
occur at two adjacent Cs, with both bas- 
es changing to Ts. These features of the 
mutations created by ultraviolet light 
constitute a fingerprint of sorts, because 
they are made by no other agents. 

We thus had a good idea of the kinds 
of distinctive mutations that should re- 
sult from exposure to sunlight. But we 
needed to pinpoint which of the vast 
number of human genes mutated to 
produce a carcinogenic effect. Our best 
guess was that the solution lay with the 
handful of human genes already known 
to be involved in cancer. 

Of the recognized oncogenes and tu- 
mor suppressor genes, we chose to ex- 
amine a tumor suppressor gene called 
p53, which is now known to be mutat- 
ed in more than half of all people's can- 
cers. At the time, we suspected that p53 
might be involved in many cases of skin 
cancer because of an intriguing connec- 
tion between nonmelanoma skin cancer 
and a rare affliction (epidermodysplasia 
verruciformis) that causes wartlike 
growths to appear on the skin. 

Previous research had revealed that 



such growths contain DNA from the hu- 
man papillomavirus and that when these 
growths are located on sun-exposed skin, 
they can progress to basal cell or squa- 
mous cell cancer. Peter M. Howley and 
his colleagues at the Nati nal Cancer 
Institute had further shown that one f 
the proteins made by the papill mavi- 
rus inactivates the p53 protein; (Genes 
give rise to proteins, and the p53 pro- 
tein, as might be expected, is the prod- 
uct of the pS3 gene.) So all indications 
were that pS3 might play a special role 
in nonmelanoma skin cancer, But we 
needed solid confirmation. 

To find that proof, we studied squa- 
mous cell carcinomas, tumors unques- 
tionably linked to sunlight (they occur 
on the face and hands, especially among 
whites living in the tropics). In collabo- 
ration with Jan Ponten of Uppsala Uni- 
versity Hospital in Sweden, we discov- 
ered that more than 90 percent of the 
squamous cell carcinomas from a set of 
samples collected in the U.S. had a muta- 
tion somewhere in the p53 tumor .sup- 
pressor gene. These mutations occurred 
at sites with adjacent pyrimidine bases, 
and they had the distinctive C-to-Tpat- 
tern associated with ultraviolet expo- 
sure. Our research group, along with 
several others, later pinpointed sun- 
light-related pS3 mutations in basal cell 
carcinomas as well. (Melanoma does not 
appear to be associated with alterations 
to p53. Researchers are still studying 
cancerous melanocytes for genes affect- 
ed by sunlight) After examining samples 
in our laboratory, Annemarie Ziegler 
found that precancerous skin also con- 
tains mutations of p53, indicating that 
the genetic changes occur long before 
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2*8?^ and cloud 

cover jllow atmosphenc scientists to estimate the amount of 

^r agm8 dtravi0lc J Ught *« «*« E^h's surface 
(shown here as an average for July 1992). Light^kinned people 



Pm& ° f Ae U ^ exposed to ^violet rays du- 
ng tne summer months are most prone to skin cancer, because 
gey pr od uc , ess of ^ mdanin pi ^ ^J**^ 

£r„^r 0fet d T age ' ^ bar ^P hs ^ow indde^rS 
tor nonmelanoma skm cancer in whites. 



tumors appear. But were these muta- 
tions truly the cause of nonmelanoma 
skin cancer, or were they simply an ir- 
relevant indicator of lifetime exposure 
to sunlight? 

We could rule out this last possibility 
by the particular way the genetic code 
had been altered. The nucleotides in 
genes are arranged in well-defined co- 
lons-groups of three bases that specify 
different amino acids. The sequence of 
codons in a gene determines the sequence 
of amino acids that are strung together 
to construct a protein. But different co- 
dons can sometimes specify the same 
ammo acid-as if the name of the ami- 
no acid could be spelled any of several 
ways. Typically the amino acid does not 
change when the first two bases of the 
codon are constant and only the third 
varies. Hence, if the p53 mutations 
found in skin cancer were just a random 
effect of exposure to the sun, we would 
expert to find changes in the third posi- 
tion occurring as often as in the first or 
second. That is, there would be plenty 
of examples where the codon mutated 
(underwent a nucleotide base substitu- 
tion) without altering its corresponding 
ammo acid. Yet studies of this gene in 
skm cancers from around the globe had 
consistently revealed mutations that 
modified one or more amino acids in 
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the p53 protein. These genetic changes 
to p53, then, were not just a side effect 
of ultraviolet exposure. They were in 
fact causing the skin cancers. 

To better understand how the pS3 
gene was affected in nonmelanoma skin 
cancer, we investigated whether certain 
segments of the pS3 gene were particu- 
larly prone to the mutation by sunlight 
of adjacent pyrimidine bases (that is, Cs 
or Ts). Biologists have found so-called 
mutation hot spots (places on a DNA 
strand where mutations tend to occur) 
whenever they expose living cells to car- 
cinogens. After analyzing many tumors, 
we determined that the p53 gene in non- 
melanoma skin cancer contains about 
nine hot spots. In cancers unrelated to 
sunlight (such as colon or bladder can- 
cer), five codons of pS3 are most often 
mutated, three of which are among the 
hot spots in skin cancers. At the two 
hot spots found only in the other can- 
cers, the mutating C is flanked on either 
side by a G or A but never Ly a T or 
another C. Lacking a pair of pyrimidine 
bases, equivalent sites on the DNA of 
skin cells are protected from mutation 
by ultraviolet light. 

Of the hundreds of places on the p53 
gene with adjacent pyrimidines, why do 
only a few sites act as hot spots when 
cells are exposed to sunlight? Several re- 



searchers have recently helped answer 
that question by building on a discovery 
made more than three decades ago at 
Oak Ridge National Laboratory by 
Richard B. Setlow and William L Car- 
rier. Setlow and Carrier determined that 
cells can reverse ultraviolet damage to 
their DNA by an enzymatic process 
called excision repair. Cells essentially 
snip out disrupted bases and replace 
them with intact ones. Working in our 
lab in 1992, Subrahmanyam Kunala 
showed that cells repair damage partic- 
ularly slowly at some pyrimidine pairs. 
Subsequently, Gerd P. Pfeifer and his col- 
leagues at the City of Hope Beckman 
Research Institute in Duarte, Calif., 
found that cells repair the pS3 sites mu- 
tated in nonmelanoma skin cancer more 
sluggishly than they do many other sires 
in the gene. Hence, it seems quite likely 
that the hot spots we found for skin can- 
cer owe their existence to an inability of 
skin cells to mend these sites efficiently. 

Cellular Proofreading 

Even after we had identified the rele- 
vant pS3 mutations, the story of 
carcinogenesis remained woefully in- 
complete. After all, genes do not get can- 
cer-H:ells do. It was clear enough that 
the p53 protein must operate in normal 
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skin cells to prevent cancer but how? 
One hint was available from Michael 
B. Kastan of Johns Hopkins Hospital. 
He found that cells subjected to x-rays 
stepped up production of the p53 pro- 
tein, which in turn prevented the cells 
from dividing. Peter A. Hall and David 
P. Lane of the University of Dundee and 
Jonathan L. Rees of the University of 
Newcastle have shown a similar effect 
on the p53 protein in skin cells exposed 
to ultraviolet radiation. Cancer research- 
ers speculate that the p53 protein nor- 
mally stops a DNA-damaged cell from 
reproducing until it has had time to 
make repairs. 

Moshe Oren and his colleagues at the 
Weizmann Institute of Science in Israel 
have proposed another function for the 
p53 protein as well: it can prevent can- 
cer in situations where the DNA dam- 
age is too extensive to be repaired. They 
find that elevated levels of the p53 pro- 
tein in ia cell lead to appptosis—pro- 
granmed cell death. (Such cell death is 
a normal part of many biological pro- 
cesses, including embryonic develop- 
ment.) In this case, "suicide" of a sun- 
damaged cell would prevent it from be- 
coming cancerous by permanently 
erasing its genetic mistakes, Such apop- 
tosis could be called cellular proofread- 
ing. Because the skin sheds cells rou- 
tinely, we surmised that skin cells often 
used p53 in this way. But even before 
we began to test our idea, some evidence 
was already available to support it 

Dermatologists have recognized for a 
long time that when skin is sunburned, 
some cells come to resemble apoptotic 
cells. By 1994 we could show that sun- 
burned cells contained breaks in their 
DNA similar to those in other apoptot- 
ic cells. The sunburned cells thus ap- 



peared t be in the process of c mrnit- 
ting cellular suicide, and we began im- 
mediately to wonder whether cells that 
had 1 st pS3 could undergo such self- 
inflicted death. 

At about the time we arrived at this in- 
vestigative juncture, Tyler Jacks and his 
colleagues at the Massachusetts Insti- 
tute of Technology had developed mice 
lacking the p 53 gene. When Alan S. Jon- 
ason and Jeffrey A. Simon irradiated the 
skin of these so-called pS3 knockout 
mice in our laboratory, they found far 
fewer sunburned, apoptotic cells than 
in normal mice exposed to the same ul- 
traviolet radiation. Mice in which the 
pS3 gene had been only partially inacti- 
vated had only a moderate tendency to 
undeigo light-induced cell suicide. These 
results suggested that programmed cell 
death was important for preventing non- 
melanoma skin cancer and that loss of 
pS3 could block this process. 

Double Punch from Sunlight 

It is now possible to envision how the 
Mure of cellular proofreading would 
lead to skin cancer. Normal skin exposed 
to sunlight will accumulate DNA dam- 
age caused by the ultraviolet B part of 
the solar spectrum. Cells unable to re- 
pair their DNA in a timely fashion die 
through apoptosis. But if the pS3 gene 
in a cell has mutated during a previous 
episode of exposure to sunlight, that cell 
will resist such self-destruction— even if 
it has been badly injured. 

The situation is actually much worse. 
A cell on the verge of becoming cancer- 
ous is surrounded by normal cells that 
undergo apoptosis when damaged. The 
dying cells thus must be leaving some 
space into which the p53-mutated cell 



can grow. By inducing healthy cells to 
kill themselves ff, sunlight favors the 
proliferation of p5J-mutated cells. In 
effect, sunlight acts twice to cause can- 
cer; once to mutate the p53 gene and 
then afterward to set up conditions for 
the unrestrained growth of the altered 
cell line. These tw actions, mutation 
and tumor promotion, are ^ one- two 
blows of carcinogenesis. Altr^u|b mu- 
tation and promotion are <anied out 
by separate agents in oth^Mu^rs, in 
skin cancer ultraviolet radiation ap- 
pears to throw both punches. 

There are undoubtedly other genes in- 
volved in the devdoprnent crfsl^ 
as well as other effects of sunlight that 
researchers do not yet fully uhdt^ 
For example, medical researchers know 
that Gortin syndrome (a disease in which 
patients have multiple basal cell cancers) 
is caused by an inherited mutation in a 
different tumor suppressor gene. With 
further investigation, ^'^mg^^^'. 
anisms of carcinogenesis ^vll|^N^^M 
even more dear, and sdmti&^y find 
clever ways to interrupt the progression 
of normal skin cells to casite£oi0!m^ 
It is not beyond re3sm ^W00ist 
the detailed understanding researchers 
are gaining of nonmelanoma ^^^^anoier^. 
will yield new kinds of therapies. Perhaps 
drugs that restore nonnd %i^on to a 
mutated p53 protein will allow doctors 
to offer their patients an effective reme- 
dy that does not involve surgery. Such a 
cure, perhaps administered as a simple 
skin cream that is absorbed by the affect- 
ed cells, might be available, within the 
next decade or two. If iscy it: will be of 
great benefit to countless aging mem- 
bers of the sun-loving baby-boom gen- 
eration—a group to which we both ad- 
mittedly belong. a 
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Breast, ovary 


Tumor suppressor 


RPCA7 \ 


Breast (both sexes) 


Tumor suppressor 




Breast, sarcoma Tumor | 
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colon | 


■ ~\ 

MSH2 


Colon, endometrium, 
other 


Mismatch repair 


MLH1 | 


Colon, endometrium, 
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"PMS1 } 2 \ 
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Mismatch repair 


APC \ 


Colon 


Tumor suppressor 


MELANOMA | 
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(CDKN2) j 


Sidii!, pancreas 


Tumor suppressor 
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NEUROENDOCRINE J 


NF-1 J 


Brain, other || Tumor suppressor 


NF-2 ( 


Brain, other jl Tumor suppressor 


RET | 


Thyroid, other j| Oncogene 
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Wilms 1 tumor || Tumor suppressor 


'kidney mil® | 


vhL 1 


Kidney, other | Tumor suppressor 


RETINOBLASTOMA j 
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Retinoblastoma, 
sarcoma, other 


Tumor suppressor 
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KET/p63: Splice variant analysis and regulation in keratinocytes 

Hartwig Schmale , Casimir Bamberger, Julia Bethge, Heidje 
Christiansen 



The human is a member of the p53 family 

comprising the three proteins p53, ||| and p73. |||| is abundantly 
expressed in proliferating basal cells of the epidermis. ||| knock 
out-mice lack all squamous epithelia and they have severe limb 
truncations. In humans, mutations in jp|63 are the cause for hand and 
feet anomalies in autosomal dominant disorders such as the EEC 
(ectrodactylyl , ectodermal dysplasia, and facial clefts) syndrom. 

In contrast to p53, the role of HH in tumorigenesis is not yet clear. 
We have identified one missense mutation in the DNA-binding 
domain of in 31 basal WM carcinomas studied. The low 
frequency of mutation suggests that the main biological role of pi| 
is not in carcinogenesis. 

While only one p53 form is known, multiple isoforms of 1§1 and P?3 
have been described. The isoforms are generated by alternative 
splicing and by usage of different promotors. We have identified 
several tissue specific variations of exon 1 resulting in different 
amino-terminal ends. Transactivation properties of the splice 
variants inversely correlated with the length of the N-termini. 
Expression of a major KET variant appears to be a cell-type specific 
rather than a differentiation specific phenomenon. 
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The epidermis of |||§ knock out-mice undergoes an unusual 
process of non-regenerative differentiation possibly caused by the 
loss of the proliferative potential of epidermal keratinocytes. We 
have studied the expression pattern of HH in primary keratinocyte 
culture during autocrine terminal differentiation. The major isoform in 
proliferating keratinocytes is p63deltaN which lacks exons 2 and 3 
coding for the transactivation domain. We showed a reduction of 
p63deltaN expression in keratinocyte culture when the cells began 
to differentiate. Treatment of primary human keratinocytes with 
all-trans retinoic acid prevents downregulation of gg§|j during 
autocrine terminal differentiation. These data suggest that ||| 
expression in human keratinocytes affected by all-trans retinoic acid 
might contribute to the fine tuned keratinocyte proliferation and 
differentiation equilibrium in the mammalian epidermis. 

Collaborations 

Dieter Pollet, Paul Gerson Unna-Skin Research Center, Beiersdorf 
AG, Hamburg 

Wolfgang Meyerhof, Deutsches Institut fur Ernahrungsforschung, 
Potsdam, Germany 
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Photochemistry and Photobiology, voi. 66, iss. 5, p. 719 

UVB-induced Cyclobutane Pyrimidine Dimer 
Frequency Correlates with Illllf 
Mutational Hotspots in p5M 



Reqen Drouin * and Jean-Philippe Therrien 

Department of Medical Biology, Universite Laval, Quebec, Quebec, Canada 
ABSTRACT 

Ultraviolet light has been identified as the major carcinogen in sMriiSl^ffi 
and the $53 tumor suppressor sjln| is a major target for UV-induced 
mutations. The mutations are probably caused by unrepaired UV-induced 
cyclobutane pyrimidine dimers (CPD) and possibly by the less frequent 
pyrimidine (6-4) pyrimidone photoproducts. While hot spots for p55 
mutations in human nonmelanoma tumors correspond quite well to slow 
spots for CPD repair in cultured cells irradiated with the model mutagen 254 
nm UVC (which is not present in terrestrial sunlight), they do not all coincide 
with sequences that are initially frequently damaged by 254 nm UVC. Using 
LMPCR (ligation-mediated polymerase chain reaction), we show that 
environmentally relevant UVB light induces CPD at CC and PymiC^ositions 
much more frequently than does UVC light, and that all eight ^kiri^ 111111 hot 
spots in #53 are also hot spots for UVB-induced CPD. Our results show that 
methylation of dipyrimidine sites (PyrmCpG) is associated with an increase 
rate of CPD formation upon UVB irradiation. Consequently, DNA methylation 
may increase the mutagenic potential of UVB and explains that several pS3 
mutation hot spots are found at PyrmCpG. The distribution patterns of CPD 
formation and the photofootprint patterns found along exons 5 and 6 of pS3 
gene are suggestive of DNA folding into nucleosomes. 
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*To whom correspondence should be addressed at: Unit, de Recherche en Genetique 
Humaine et Moleculaire, Centre de Recherche, Pavilion Saint-Frangois d'Assise, CHUQ, 10 
rue de I'Espinay, Quebec, Quebec, G1L3L5, Canada. Fax: 418-525-4481; e-mail: 
recien.drouin@crsfa.ulaval.ca 
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Basal cell carcinoma is the most common form of ^kin-j^||||. The second most common 
type of Ikjj malignancy is squamous cell carcinoma. Although these 2 types of llH^Bfi 
are the most common of all malignancies, they account for less than 0.1% of patient 
deaths due to Both of these types of ^Sl^fcSl are more likely to occur in 

individuals of light complexion who have had significant exposure to sunlight, and both 
types of IB cancers are more common in the southern latitudes of the Northern 
hemisphere. The overall cure rate for both types of llBl^^fi is directly related to the 
stage of the disease and the type of treatment employed. However, since neither basal 
cell carcinoma nor squamous cell carcinoma of the |§j| are reportable diseases, precise 
5-year cure rates are not known. Although basal cell carcinoma and squamous cell 
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carcinoma are by far the most frequent types of fjj$ tumors, the jWti can also be the 
site of a large variety of malignant neoplasms. These other types of malignant disease 
include malignant melanoma, cutaneous T-cell lymphomas (mycosis fungoides), Kaposi's 
sarcoma, extramammary Paget' s disease, apocrine carcinoma of the ||f|, and metastatic 
malignancies from various primary sites 

Basal cell carcinoma and squamous cell carcinoma are both of epithelial origin. They are 
usually diagnosed on the basis of routine histopathology. Squamous cell carcinoma is 
graded 1 to 4 based on the proportion of differentiating cells present, the degree of 
atypicality of tumor cells, and the depth of tumor penetration. Apocrine carcinomas, 
which are rare, are associated with an indolent course and usually arise in the axilla. 

Basal cell carcinoma 

Basal cell carcinoma is at least 3 times more common than squamous cell carcinoma in 
nonimmunocompromised patients. It usually occurs on sun exposed areas of l|f|, and the 
nose is the most frequent site. Although there are many different clinical presentations 
for basal cell carcinoma, the most characteristic type is the asymptomatic nodular or 
nodular ulcerative lesion that is elevated from the surrounding l|tri and has a pearly 
quality and contains telangiectatic vessels. It is recognized that basal cell carcinoma has 
a tendency to be locally destructive. High-risk areas for tumor recurrence include the 
central face (periorbital region, eyelids, nasolabial fold, nose-cheek angle), postauricular 
region, pinna, ear canal, forehead, and scalp. A specific subtype of basal cell carcinoma is 
the morphea-form type. It typically appears as a scar-like, firm plaque and because of 
indistinct clinical tumor margins, it is difficult to treat adequately with traditional 
treatments. 

Squamous cell carcinoma 

Squamous cell tumors also tend to occur on sun-exposed portions of the f§j|j such as the 
ears, lower lip, and dorsa of the hand. However, squamous cell carcinomas that arise in 
areas of non-sun-exposed WM or that originate de novo on areas of sun-exposed |km are 
prognostically worse since they have a greater tendency to metastasize. Chronic sun 
damage, sites of prior burns, arsenic exposure, chronic cutaneous inflammation as seen in 
long standing bfifij ulcers, and sites of previous x-ray therapy are predisposed to the 
development of squamous cell carcinoma. 

Actinic keratosis 

Actinic keratoses are potential precursors of squamous cell carcinoma. These typical red 
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scaly patches usually arise on areas of chronically sun-exposed §jkjn, and are likely to be 
found on the face and dorsal aspects of the hand. Although the vast majority of actinic 
keratoses do not become squamous cell carcinomas, it is thought that as many as 5% of 
actinic keratoses will evolve into this locally invasive carcinoma. Due to this premalignant 
potential, the destruction of actinic keratoses is advocated. 

UV radiation-induced mutations have been studied in various animal models. The majority 
of the mutations are found to be located at dipyrimidine sites (i.e. (T-T, C-C, C-T or T-C) 
and correspond to a C to T transition. More than 20% correspond to tandem mutations 
involving the two adjacent nucleotides of the dipyrimidine sites (C-C to T-T). 

Several human genetic syndromes are associated with DNA repair deficiency. Among 
them, xeroderma pigmentosum (XP) is an autosomal, recessively inherited disease. 
Patients with XP show clinical and cellular hypersensitivity to UV radiation, resulting in a 
very high incidence of In these subjects, the median age of onset of §§§| 

^^f^l is 8 years, nearly 50 years younger than in the general population. 

Brash et al. showed that, in spinocellular BBS* c "" > T mutations predominate in 
pyrimidine dimers. It is well known that ultraviolet radiation, an etiological agent of most 
III! cancers, acts directly on these dimers. A particular characteristic of the action of 
UV radiation is the change in the bases CC — > TT, observed in Brash's series but also in 
other s|$i)L : <iK^ series such as basocellular cancers (Rady et al. 1992). In patients with 
genetic DNA repair deficiencies, such as xeroderma pigmentosum (XP), the phenotype is 
much more marked. All mutations found in bhiti cancers are located on the pyrimidine 
dimers and 55 % are tandem mutations CC — > TT (Dumaz et al. 1994). This type of 
mutation is only very rarely found in internal cancers (less than 1 %). In s|in cancers from 
XP patients, more than 95 % of the mutations are located on the noncoding strand of the 
jffSSii^rte, while in other |||| tumors and in internal cancers, no special trends are 
observed. This result therefore suggests that there is preferential repair of the coding 
strand, which has been confirmed by Toranaletti and Pfeifer, who showed that the repair 
rate of pyrimidine dimers in the p53!^^ is highly variable, with an especially low rate in 
the codons that are often mutated in ^lifi;§^ii. Such p53 mutations seem to be very 
early events as they can be found both in precancerous lesions such as actinic keratosis 
(Ziegler et al. 1994) and in normal §||| exposed to UV (Jonason et al. HB). Recent work 
have demonstrated that human epidermal ||Bi anc l accompanying precursors have 
identical p53 mutations different from p§3 mutations in adjacent areas of clonally 
expan ded non-neoplastic keratinocytes (Ponten et al. 1997; Ren et al. 1997; Ren et al. 
^S; Ren et al. 1997; Ren et al. |99|). 
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These results taken together (predominance of CC -> TT lesions on the non coding strand) 
were experimentally confirmed in animals carrying UV-induced tumors (Dumaz et al. 1997; 
Kress et al. 1992). 
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..Lj Visible Genetics, Inc. develops^ mahufacturiss arid ^arkbts high perfor 
j automated diagnostic DNAisequencing systems/qr genes linked to dise 
J company's OpenGene™ system, employs stratified DNA testing; to; signific 
\ reduce the time and cost involved in finding and identifying disease-ca 
! genetic mutations. 
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P5l (Protein 53 kDa) 

Other names TP53 (Tumour Protein 53) 

Hugo TP53 

Location 17pl3 

Description the gene encompasses 20 kb of DNA; 1 1 exons (the first is non-coding). 

Transcription 3.0 kb mRNA; 1 179 bp open reading frame. 
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Description 393 amino acids ; 53 kDa protein ; numerous post translational modifications, 
phosphorylation, acetylation, ubiquitination; contains from N-term to C-term, a 
transactivation domain ((1-42), a Proline rich domain (63-97), a specific DNA binding 
domain (102-292), 3 nuclear localization signals (305-322), a tetramerization domain 
that include a nuclear export signal (325-355) and a negative regulatory domain 
(360-393) 

Expression widely expressed. 

Localisation nucleus. 

Homology the five domains are highly-conserved regions between species (from human to fly). 

Two new genes homologous to $53 have been discovered, p73 localized at lp36 and 
p63 localized at 3q27. 



Germinal in Li-Fraumeni syndrome, a dominantly inherited disease in which affected individuals 
are predisposed to develop sarcomas, osteosarcomas, leukemias and breast cancers at 
unusually early ages. 

Somatic P53 is mutated in about 50% of human cancers, and the non-mutated allele is generally 

lost; the frequency and the type of mutation may vary from one tumour type to another; 
these mutations are missense (80%), non-sense (7.5%), deletions, insertions or splicing 
mutations (12.5%) ; there are some hot-spots for mutations at CpG dinucleotides at 
positions 175, 248, 273 and 282; J?S3 mutation is an adverse prognostic feature in a 
number of ^^^j, but nc^in all. Mutational events are related to carcinogen exposure 
in lung, liver and IsM^^l^ffiS- 



Entity Li-Fraumeni syndrome 

Disease autosomal dominant condition; lillig prone disease; Li-Fraumeni syndrome is defined 

by the existence of both a proband with a sarcoma and two other first-degree relatives 
with a IBS by age 45 years; a germline mutation of #53 is found in at least 50% of 
cases; germline mutation of the kinase CHK2, an activator of p53, has been discovered 
in several Li-Fraumeni families free of jpll mutation. 

Prognosis most common in Li-Fraumeni children are : soft tissues sarcoma before the age 

of 5 yrs and osteosarcoma afterwards, and breast in young adults; other 

frequent cancers: brain tumours, leukaemias, adrenocortical carcinoma; 1/3 of patients 
have developped more than one primary IBii, which is quite characteristic of Li- 
Fraumeni syndrome bu^may also be representative of Bloom's syndrome : cancers in this 
disease, as in other jj^^^^rone diseases, often occur early in life: 50% of patients 
aged 30 yrs have had a SIS C-e. penetrance is 50%, according to this disease 
definition); and penetrance is 90% at age 60 yrs. 

Oncogenesis (known) germinal mutation are variable, but are mostly missense mutations located in 
exons 4 to 9 in tumours occurring in these patients, the other (wildtype) allele is lost, in 
accordance with the two-hit model for neoplasia, as is found in retinoblastoma. 
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Entity haematological malignancies 

Oncogenesis P53 : gene alterations have been found in : 20 - 30% of blast crisis CML (mostly in the 
myeloid type), often associated with i(17q); in 5% of MDS cases and 15% of ANLL 
often with a visible del(17p); in 2% of ALL (but with high variations according to the 
ALL type, reaching 50% of L3 ALL (and Burkitt lymphomas); in 15% of CLL (and 
40% in the aggressive CLL transformation into the Richter's syndrome) and 30% of 
adult T-cell leukaemia (only found in the aggressive form), in 5-10% of multiple 
myelomas; in 60-80% of Hodgkin disease; in 30% of high grade B-cell NHL (rare in 
low grade NHL), and 50% of HlV-related NHL; P53lgeil alterations in 
haematological malignancies are associated with a poor prognosis. 



Entity 

Disease 



Oncogenesis 



lung cancers 

lung cancers are neuroendocrine lung tumours (small cell lung carcinomas, carcinoids, 
large cell neuroendocrine carcinomas) or non neuroendocrine lung tumours (squamous 
carcinomas, adenocarcinomas, large cell carcinomas). 

is multistep, through C-MYC or N-MYC activation, H-RAS1 or K-RAS2 mutation, 
jP53, RBI, and P16 inactivation, loss of heterozygosity (LOH) at 3p, 13q, 17p; P 53 
mutations, in this particular case, does not seem to have prognostic implication; P53 is 
mutated in 30% of lung adenocarcinomas to 80% of small cell lung carcinomas; 
hotspots at codons 157, 158, 179, 245, 248 and 273. pS3 mutations in lung Hlllf 
from smoker have a very specific pattern related to carcinogen exposure (high 
frequency to GC->TA transversion and hot spot at codon 157 and 158). 



Entity colorectal cancers 

Disease there are two types of colorectal cancers, according to the ploidy: - the diploid form, 

RER+ (Replication Error+), sporadic, without loss of heterozygosity (LOH), with few 
mutations of p53 and APC, and right-sided; -the polyploid form, RER-, with LOH (5q, 
17p, 18q), mutations in p53, and more often left-sided, they have a worse prognosis. 

Prognosis survival, although improving, is not much more than 50% after 5 years 

Cytogenetics diploid tumours without frequent allelic losses; aneuploid tumours with numerous allelic 
losses; LOH on chromosomes 17 and 18 in more than 75% of cases; other chromosome 
arms losses in about 50% of cases. 

Oncogenesis a number of genes are known to be implicated in tumour progression in colorectal 

cancers : APC . E53, KRAS2 . mismatch repair genes (MMR genes); is mutated in 
60-65% of colorectal iSIS cases; mutations of P53 are mostly located in exons 4 to 8 
with hotspots at codons 175, 245, 248, 273 and 282 



Entity bladder Hi 

Prognosis highly variable, according to the stage and the grade 

Cytogenetics -9, -1 1 or del(l lp), del(17p) and LOH at 17p, del(13q), frequent other LOH, 
aneuploidy, polyploidy, complex karyotypes. 

Oncogenesis multi-step and largely unknown process; loss of 9q and mutations would be early 
events; RBI , and P16 inactivation, EGFR overexpression, LOH at 3p, 8p, lip, 13q, 
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17p, 18q; 0P53 is mutated in 40-60% of bladder i||i§tl cases; P 53 mutations bear a 
prognostic implication. 



Entity 

Prognosis 



breast ! 



P53 mutation bears a prognostic implication in N+ patients and is related to poor 
response to doxorubicin therapy. 

Oncogenesis E53 is mutated in 30% of breast cancers; preferentially observed in advanced and 
aggressive forms; probably a late event; hotspots at codons 175, 248, and 273. The 
frequency and pattern of p53 mutation in breast jjlllr is subject to important 
geographical variations. 



Entity 

Disease 
Prognosis 



cancers 

s& cancers include basal cell carcinomas, squamous cell cercinomas, and melanomas, 
highly different according to the pathological group 



Oncogenesis P53 is mutated in 40-60% of Slfiiijcancers; hotspots at codons 196, 248, 278. The 
pattern of pi! mutation in is highly related to UV exposure. 



Entity oesophagus cancers 

Disease two main forms: squamous cell carcinoma and adenocarcinoma 

Oncogenesis P53 is mutated in 50% of oesophagus cancers (70% in squamous cell carcinoma and 
45% of adenocarcinoma); probably an early event; hotspots at codons 175, 248 and 
273. The pattern of p53 mutation is different in squamous cell carcinoma and 
adenocarcinoma 



Entity 

Cytogenetics 
Oncogenesis 



liver 1 



losses of lp, 4q, 5p, 5q, 8q, 13q, 16p, 16q, and 17p in 20 to 50% of cases 

specific mutation at codon 249 related to aflatoxin Bl dietary exposure in exposed area 
(China, Africa); low frequency of mutation in developed countries. 



Entity 



prostate g^lill and other cancers (in progress) 



germinal mutations of have also been found in families where the criteria for the 
Li-Fraumeni syndrome were not reached. 
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Hugo TPS3 Genes Cyto Gene Seq r Map view -ncbii 

GeneCards TPS 3 

CancerGene TPS3 

GDB TPS 3 

Genatlas TP53 

LocusLink TP53 Ace View - NCBI 

GoldenPath TP53 - 17pl3 

Ensembl TP53 - 17pl3 

GeneLvnx TPS 3 

eGenome TP53 

euGene 7157 

HomoloGene TPS 3 

Genbank Ml 4695 [ srs ] M14695 [ entrez ] 

RefSeq M 000546 1 srs i M 000546 r entrez i 

RefSeq NT 010687 tsrsi NT 010687 r entrez i 

Unigene Hs.1846 tsrsi Hs.1846 r ncbii HS1846 [ spliceNest ] 

SwissProt P04637 [ srs ] P04637 [ expasy ] P04637 [ interpro ] 

PDB 1A1U [ SRS ] 1A1U [ PdbSum ], 1A1U [ 1MB ] 

Pfam PF00870 tsrsi PF00870 [Sanger] pfam00870 incbi-cddi 

DOMO P04637 

PRODOM P04637 [ Domain structure ] P04637 [ sequences sharing at least 1 domain ] 

BLOCKS P04637 

Human PSD TP53 

PubGene TP53 

OMIM 191170 

SNP TP53 [dbSNP-NCBI] 

SNP M 000546 isnp-ncii NT_010687 rsNP-Ncn 

SNP TP53 [GeneSNPs - Utah] TP53 [SNP - CSHL] TP53J [HGBASE - SRS] 

HGMD 120445 

Other database The P53 Database 

Other database HotMolecBase 

Probe P53 (17pl3.n in normal cells fBarp 

Probe TP53 Related clones (R2PD - Berlin) 
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p53, the cellular gatekeeper for growth and division. 

Levine AJ. 

Cell 1997; 88: 323-331. 
Medline 9039259 

Li-Fraumeni syndrome - A molecular and clinical review. 

Varley JM, Evans DGR, Birch JM. 
Brit J|M§1 1997; 76: 1-14. 
Medline 9218725 



The E53 pathway. 

Prives C, Hall PA. 

J Pathol 1999; 187: 112-126. 

Medline 10341712 

Dial 9-1-1 for p53: mechanisms of p : S3f activation by cellular stress. 

Ljungman M. 

Neoplasia 2000; 2: 208-225. 
Medline 10935507 



Surfing the p53 network. 

Vogelstein B, Lane D, Levine AJ. 
Nature 2000; 408: 307-310. 
Medline 11099028 

Death star. 

Vousden KH. p53. 
Cell 2000; 103: 691-694. 
Medline 11114324 



p63 and p73: p53 mimics, menaces and more. 

Yang A, McKeon F. 

Nature Cell Biology 2000; 1: 199-207. 

Medline 11252895 

Assessing TP53 status in human tumours to evaluate clinical outcome. 

Soussi T, Beroud C. 

Nature Review 2001; 1 : 233-240. 



The evolution of diverse biological responses to DNA damage: insights from yeast and p53. 

Wahl, GM, Carr AM. 

Nat Cell Biol 2001; 3: 277-286. 

Medline 11781586 
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Sun and stun - a dangerous combination 



3* The molecular mechanisms 

of skin .or ~ 



Published by Sponsored by 



Australian Academy 
of Science 




1 Printer-friendly version of complete topic 

The body kills y&i cells that have been exposed to too much ultraviolet 
radiation . Bringing about cell death is the function of a protein called p53. When 
an ultraviolet ray hits the DNA within a geril that codes for )p53, basal cell and 
squamous cell iSiiii can result. 

When present in a high enough concentration, the p$3 protein causes a cell to 
'self-destruct' . This protein is normally produced in greater amounts after 
exposure to ultraviolet radiation. But after the radiation damages the |jii|§ for 
jj|§l, the p53 protein that the gene makes is slightly altered and doesn't function 
correctly. The defective version of the protein cannot make a damaged cell die. 

The gen$ for p53 only needs a very small change for a defective protein to be 
produced. This tiny error will be perpetuated whenever the cell divides. 
Eventually, many cells with the incorrect jgetti? will exist. 

The cells with the incorrect i|ne won't die when exposed to too much 
ultraviolet radiation. Instead they will reproduce, stimulated to do so because 
they find the normal cells around them dead. With each subsequent heavy 
exposure to too much sunlight, more normal cells will commit suicide, and the 
colony of cells with the damaged genj will multiply all the more. This is the 
beginning of a tumour. 



So, by inducing cells carrying the normal p|3lg^se to kill themselves off, 
sunlight favours the proliferation of p53-mutated cells. Ultraviolet radiation is 
thus responsible for the two key steps in generation: mutation and 

tumour promotion. The p53 gene and its protein are involved in the 
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development of basal cell carcinoma and squamous cell carcinoma, but not 
melanoma. A similar gene, pi 6, and its protein are thought to be involved in the 
development of melanoma, but these studies are preliminary. 

Further reading 

• Scientific American, Vol. 275, no. 1, July 1996, pages 38-43 
Sunlight and Wm^SB^ (by David J. Leffell and Douglas E. Brash) 

Related site 

• DNA and genes (Back to basics, Australian Academy of Science) 

External sites are not endorsed by the Australian Academy of Science. 

Posted March 1997. 

Telstra Corporation Ltd is the principal sponsor of Nova: Science in the news. The Australian Foundation for Science and the 
Federal Government's National Innovation Awareness Strategy are also supporters of Nova. 

This topic is sponsored by Healthpact . 
© Australian Academy of Science 
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Environmental Mutagens 

Environmental Health Perspectives 104, Supplement 3, May 1996 
[ Citation in PubMed ] [ Related Articles ] 

p53 Tumor Suppressor |3efte|: At the Crossroads of Molecular 
Carcinogenesis, Molecular Epidemiology, and Bl^Si Risk 
Assessment 

Curtis C. Harris 

Laboratory of Human Carcinogenesis, National iiifl^ Institute, Bethesda, Maryland 



Abstract 

Carcinogenesis is a multistage process involving the inappropriate activation of normal cellular genes to 
become oncogenes, e.g., ras, and the inactivation of other cellular genes called tumor suppressor genes. 
g5J> is i the prototypic tumor suppressor gene that is well suited as a molecular link between the causes of 
filijgS, i.e. ^carcinogenic chemical and physical agents and certain viruses, and the development of 
clinical The p55 tumor suppressor gene is mutated in the majority of human cancers. Genetic 

analysis of human is providing clues to the etiology of these diverse tumors and to the functions 

of the p53 g<biie. Some of the mutations in the p53,gene reject endogenous causes of whereas 
others are characteristic of carcinogens found in our environment. In geographic areas where hepatitis B 
virus and a dietary chemical carcinogen, abatoxin B b are risk factors of liver jp&ncfer, a molecular 

signature of the chemical carcinogen is found in the mutated R^gfN. A different molecular signature in 
the p53 gene is found in sSI&^l caused by sunlight. Because mutations in the p53 gene can occur in 
precancerous lesions in the lung, breast, esophagus, and colon, molecular analysis of the p53genieUn_ 
exfoliated cells found in either body fcuids or tissue biopsies may identify individuals at increased 111111 
risk. mutations in tumors generally indicate a poorer prognosis. In summary, the recent history of 
p53 investigations is a paradigm in research, illustrating both the convergence of previously 

parallel lines of basic, clinical, and epidemiologic investigation and the rapid translation of research 
findings from the laboratory to the clinic. Environ Health Perspect 104(Suppl 3):435-439 (1996) 

Key words: p53 gene, molecular carcinogenesis, molecular epidemiology, |§|i|| risk assessment 
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This paper was presented at the 2nd International Conference on Environmental Mutagens in Human Populations 
held 20-25 August 1995 in Prague, Czech Republic. Manuscript received 22 November 1995; manuscript 
accepted 28 November 1995. 

The editorial and graphic assistance of Dorothea Dudek is appreciated. 

Address correspondence to Dr. Curtis C. Harris, Laboratory of Human Carcinogenesis, National |||§|§H Institute, 
National Institutes of Health, Bldg. 37, Rm. 2C01, Bethesda, MD 20892-4255. Telephone: (301^96-2048. Fax: 
(301) 496-0497. E-mail: harris@dc37a.nci.nih.gov 
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